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CLUTCH HAVING A VARIABLE VISCOSITY FLUID 
Technical Field 

This invention relates in general to coupling devices for rotating 
machine components and more particularly to a clutch containing a 
variable viscosity fluid for controlling the transfer of torque between 
rotating machine components. ^ 
Background Art 

The typical clutch serves as a coupling between two machine 
components which at times must rotate in unison and at other times must 
be disconnected so that the one component may rotate while the other 
remains at rest. Of course, when the dutch is engaged and the two 
components rotate in unison, torque transfers from the driving component 
to the driven component. In most applications a clutch must engage 
gradually to avoid imparting mechanical shocks to the equipment of which 
it is a part. 

Clutches come in a variety of designs and conHgurations and find 
widespread use in automotive and industrial equipment. A good clutch 
should have minimal drag torque, both when engaged and disengaged, 
should be relatively insensitive to centrifugal and centripetal forces, should 
be capable of engaging and disengaging at varying speeds and speed 
differentials, should transmit torque bidirectionally, that is in both 
directions of rotation, should have low backlash, should damp vibrations, 
and should protect against overioad. 

Many clutches of current manufacture require complex actuating 
mechanisms to engage and disengage them. These mechanisms 
increase the weight and size of such clutches, not to speak of complexity. 
Indeed, these clutches typically rely on complex linkages to operate 
them, and this adversely affects the responsiveness of the clutches and 
their capacity of to modulate the transfer of torque between rotating 
components. 
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Summary of the Invention 

The present invention resides in a clutch having a cam and a rotor 
which rotate about a common axis. The cam has a camming surface and 
the rotor carries pistons which contact the camming surface. Backing the 
5 pistons within the rotor is a rheological fluid, the viscosity of which is 
controlled by suitable means. When the viscosity is low the cam can 
rotate independently of the rotor, with the pistons simply following the 
camming surface. But when the viscosity is higher, the pistons tend to 
grip the camming surface and torque transfers between the cam and the 

10 rotor. The invention also resides in a process for transferring torque using 
a rheological fluid. 
Brief Description of Drawings 

Fig. 1 is a sectional view a housing containing two shafts coupled 
with a clutch constructed in accordance with and embodying the present 

15 invention; 

Fig. 2 is a sectional view of the clutch taken along line 2-2 of Fig. 1; 

and 

Fig. 3 is a sectional view of a modified clutch. 

Best Mode for Carrying Out the Invention 
20 Referring now to the drawings, a clutch A (Fig, 1) couples two 

machine components which rotate, or at least have the capacity to rotate. 

about a common axis X. The components may take the form of a shaft 2 

and a spur gear 4 supported on bearings in a housing 6. Actually the spur 

gear 4 rotates on a bearing 8 fitted to the shaft 2, and the gear 4 meshes 
25 with a pinion 10 that is fitted to another shaft 12 that may lie parallel to the 

shaft 2. The shaft 12 and its pinion 10 likewise rotate in the housing 6. 

Thus, in a broad sense the clutch A couples the two shafts 2 and 12 so 
^ that one rotates with the other and a torque transfers between the two. 

Moreover, the clutch A permits the shaft 2 and gear 4 to be selectively 
30 engaged with and disengaged from each other. Both engagement and 

disengagement occur smoothly so that the shafts 2 and 1 2 and the spur 
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gear 4 and pinion 10 are not subjected to abrupt changes in torque which 
might damage them or other machine components to which they are 
connected. 

Turning now to the clutch A itself, it includes (Fig. 2) a cam 20, a 
5 rotor 22 which surrounds the cam 20, and a coil 24 which surrounds the 
rotor 22. All lie concentric around the axis X of rotation. In addition, the 
clutch A includes pistons 26 that are carried by the rotor 22 and operate 
against the cam 20 and a magneto-rheological fluid 28 which is contained 
within the rotor 22. The cam 20 is mounted on the shaft 2 with which it 

10 rotates, whereas the rotor 22 is attached to the spur gear 4 with which it 
rotates. The coil 26 is mounted in a fixed position on the housing 6. In a 
broad sense, the cam 20 constitutes one rotatable clutch member, 
whereas the rotor 22 constitutes another rotatable clutch member, each of 
which, when rotating, revolves, with its axis of rotation being the axis X. 

1 5 The cam 20 fits firmly to the shaft 2 and may even be formed 

integral with the shaft 2. In any event, it rotates with the shaft 2, Its 
rotation at all times being that of the shaft 2. The cam 20 along its 
periphery has a camming surface 30 that includes several lobes 32 that 
are arranged at equal circumferential intervals around the axis X. The 

20 camming surface 30 in transverse cross section may be flat or grooved. 
The several lobes 32 are identical in configuration, and each projects 
exactly the same distance from the axis X. 

The rotor 22 is attached firmly to the spur gear 4, so that it rotates 
with the gear 4. its rotation being thai of the gear 4. It has a cylindrical 

25 interior surface 34 and a cylindrical exterior surface 36 which are 
concentric and have their centeriines along the axis X. The diameter of 
the interior surface 34 exceeds the greatest diameter of the cam 20, 
which is at its lobes 32, but not by much. Thus, the cam 20 comes 
closest to the cylindrical interior surface at its lobes 32, and intermediate 

30 the lobes 32 arcuate gaps 38 exist between the camming surface 30 and 
the cylindrical interior surface 34. The rotor 22 contains several sets of 
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bores 40 and counterbores 42, with the former opening out of the 
cylindrical interior surface 34 and the latter into a connecting cavity 44 that 
is enclosed by the rotor 22. As a consequence, all of the counterbores 42 
are in communication through the connecting cavity 44. Each bore 40 
and its counterbore 42 forms a piston cavity, and the piston cavities are 
arranged at equal circumferential intervals around the axis X. The rotor 
22 preferably should contain at least twice as many piston cavities, that is 
to say sets of bores 40 and counterbores 42, as there are lobes 32 on the 
cam 20. In this anrangement, half of the bores 40, at some point during 
relative rotation between the cam 20 and rotor 22, will align with the lobes 
32 on the cam 20. while the remaining bores 40 lie centered along the 
arcuate gaps 38. 

The pistons 26 reside within the piston cavities fonmed by the 
bores 40 and counterbores 42 of the rotor 22. there being a single piston 
26 in each combination bore 40 and counterbore 42. Each piston 26 
possesses a semispherical inner end 50, a cylindrical side face 52, and 
optionally a flanged outer end 54. The semispherical inner end 50 bears 
against the camming surface ?0 of the cam 20. Where the camming 
surface 30 is grooved, its transverse cross-sectional configuration should 
confonm to the semispherical ends 50 of the pistons 26. The cylindrical 
surface side face 52 lies at least in part within the bore 40. whereas the 
flanged end 54 lies entirely within the larger counterbore 44. The region 
of each counterbores 42 behind the flanged end 54, which is the 
unoccupied region each counterbore 42. together with the connecting 
cavity 44 forms a fluid chamber 56 within the rotor 22. As long as the 
semispherical ends 50 of all the pistons 22 remain against the camming 
surface 30 of the cam 20 the volume of the fluid chamber 56 remains 
constant, even though the configuration of the fluid chamber 56 changes 
owing to relative rotation between the cam 20 and rotor 22. Along each of 
its bores 40 the rotor 22 is fitted with a seal 58 that wipes the cylindrical 
side face 52 of the piston 26 in that bore 40 to thereby establish a fluid 



f 
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barrier between the inside of the rotor 22, which is occupied by the cam 
20, and the fluid chamber 56 within the rotor 22. Notwithstanding the 
seals 58, the pistons 26 may move toward and away from the axis X - 
and indeed they do when relative rotation occurs between the cam 20 and 
5 the rotor 22. At any time during this relative rotation, except when the 
pistons 26 are centered on the lobes 32 of the cam 20. half of the pistons 
26 will be moving inwardly toward the axis X and the other half will be 
moving outwardly away from the axis X. The displacement of the inwardly 
moving pistons 26 equals the displacement of the outwardly moving 

10 pistons 26 in terms of volume, and as a consequence, the overall volume 
of the fluid chamber 56 does not change. 

In lieu of having all of the piston cavities open into the common 
connecting cavity 44, the piston cavities may be organized into pairs, with 
the piston cavities of each pair being adjacent to each other and in 

15 communication through a connecting channel in the rotor 22. In effect, 
each connecting channels and the unoccupied regions of the piston 
cavities it connects form a fluid chamber of constant volume. 

The seals 58 may be carried by the pistons 26, much as are the 
piston rings of internal combustion engines, and when so located would 

20 wipe the cylindrical surfaces of the bores 44. They may be made from an 
elastomer, such as Viton. 

The magneto-reheological fluid 28 occupies the fluid chamber 56 
in its entirety. No air or gas pockets to speak of exist within the chamber 
56. In view of the rheological properties of the fluid 28, the capacity of the 

25 fluid 28 to flow, that is to say its viscosity, can be altered. Being magneto- 
rheological, the viscosity will change in response to a magnetic field or 
more accurately to variations in a magnetic field within which the fluid 28 
exists. Indeed, using a magnetic field, one can vary the viscosity from 
roughly equivalent to that of water, to almost a solid - the stronger the 

30 field, the greater the viscocity. 
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The electrical coil 24 is mounted firmly on the housing 6 where it 
surrounds the rotor 22, and indeed lies quite close to the cylindrical 
exterior surface 36 of the rotor 22. It is connected to a source of electrical 
energy through a control device for varying the current that passes 
5 through it. That current creates a magnetic field, and the rotor 22 and the 
rheological fluid 28 within the rotor 22 lie within that magnetic field. The 
strength of the magnetic field determines the viscosity of the fluid in the 
fluid chamber 56 of the rotor 22. 

In the operation of the clutch A, the shaft 2, which is connected to a 

10 motor of some type, rotates, and it turns the cam 20 that is mounted on it 
Assuming that the coil 24 is de-energized, in which event the fluid 28 has 
low viscosity, and that the gear 4 and shaft 12 are subjected to a load and 
thus resist rotation, the camming surface 30 of the cam 20 moves over 
the semispherical ends 50 of the pistons 26. causing the pistons 26 to 

15 move inwardly and outwardly in their bores 40 and counterbores 42. 
More particulariy, as the lobe 32 on a piston 26 approaches a bore 40 in 
the rotor 22, it drives the piston 26 in that bore 40 farther into the bore 40 
and its counterbore 42, thereby forcing some of the rheological fluid 28 
out of the counterbore 42. At' the same time, the camming surface 30 

20 moves away from another bore 40. In effect, the fluid 28 displaced from 
the counterbore 42 of diminishing volume flows into the counterbore 42 of 
increasing volume. After all, irrespective of the angular position of the 
cam 20 relative to the rotor 22, the volume of the fluid chamber 56 
remains the same. Thus, when the cam 20 turns with the fluid 28 being at 

25 low viscosity and the rotor 22 impeded from rotating, the cam 20 simply 
revolves within the rotor 22, causing the pistons 26 in the rotor 22 to move 
inwardly and outwardly and the rheological fluid 28 to displace in the fluid 
chamber 56, but not otherwise disturbing the rotor 22. In short, the rotor 
22 remains at rest. 

30 However, when the coil 24 is energized, the rheological fluid 28 

stiffens, that is to say, it becomes more viscous. Possessing less capacity 
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to flow, the fluid 28 does riot transfer as well in the counterbores 46 and 
connecting cavity 44 and the pistons 46 exhibit greater resistance to 
reciprocation in their bores 40 and counterbores 44. Indeed, those 
pistons 26 which experience a displacement into the rotor 22, that is to 
5 say, the ones that ride up the camming surface 30 toward a lobe 32, tend 
to grip the cam 30. As the current in the coil 24 increases the viscosity of 
the fluid in the chamber 56 becomes even greater. At some point the fluid 
28 becomes viscous enough to enable the pistons 26 to grip the cam 30 
at its surface 32 with enough force to overcome the resistance of the rotor 

10 22 to rotation. At that point the cam 20 imparts rotation to rotor 22. As a 
consequence, the gear 4 turns and so does the shaft 12 which is 
connected to the gear 4 through the pinion 10. To be sure, the cam 20 
still rotates within the rotor 22 and the pistons 26 move inwardly and 
outwardly, but with less frequency owing to the rotation of the rotor 22. 

15 If enough current is conducted by the coil 24, the rheological fluid 

28 for all intents and purposes almost solidifies. Under these conditions, 
the rotor 22 is locked to the cam 20 and rotates it the same angular 
velocity as the cam 20. 



inwardly toward axis X. Likewise, the cam need not have multiple lobes. 
In this regard, a modified clutch B (Fig. 3) has a cam 70 which rotates 
about an axis X and has a cylindrical camming surface 72 that is eccentric 
to the axis X. The eccentricity, in effect, imparts a lobe to the cylindrical 

25 surface 72. The clutch B also has a rotor 74 which rotates about the axis 
X and contains bores 76 which open into a connecting cavity 78. The 
bores 76 hold pistons 80 which project outwardly and at their ends bear 
against the camming surface 72 on the cam 70. The unoccupied regions 
of the bore 76 together with the connecting cavity 78 form a fluid chamber 

30 82 that contains a magneto-rheological fluid 84. The connecting cavity 78 



20 



The camming surface need not be presented outwardly away from 
the axis X of rotation as in the clutch A, but instead may be presented 
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also contains a coil 86 which is immersed in the Theological fluid 84, and 
as such controls the viscosity of the fluid 84. 

Assuming that the coil 86 is not energized and a load is imparted to 
the rotor 74, all while a motor rotates the cam 70, the cam 70 will simply 
rotate around the rotor 74, its camming surface 72 driving the pistons 78 
inwardly and outwardly. But when coil 86 is energized, causing the fluid 
84 to become more viscous, the fluid 84 resist displacement of the pistons 
76 in their bores 78. The pistons 76 in effect grip the camming surface 72 
and the rotor 74. The torque so transferred rotates the rotor 74. 

Of course, in the clutch A the gear 4 and, along with it, the rotor 22 
may be the driving component and the cam 20 and shaft 2 the driven 
component. The same holds true for the clutch B; the rotor 74 may be the 
driving component and the cam 70 the driven component. Instead of the 
coils 24 and 86 controlling the viscosity of the magneto-rheological fluid 
28, a series of permanent magnets may do so. such as by varying their 
distance from the fluid 28. Alternatively, the rheoiogical fluids 28 and 84 
In the clutches A and B may be of the type that responds to electrical 
current conducted through it instead of a magnetic field. Also, the pistons 
26 and 80 need not be circular in cross section, but may have other cross- 
sectional configurations as well. Furthermore, in the clutch A the 
counterbores 42 may be eliminated, in which only the bores 40 receive 
the pistons 26, and the pistons 26 may extend all the way into connecting 
cavity 44 which should be deep enough to accommodate their 
reciprocation. Moreover, the camming surface need not be around the 
axis of rotation in the sense that it is presented toward or away from the 
axis, but instead may lie in a plane or other envelope through which the 
axis passes, with the axis being oblique to the envelope. In that variation, 
the pistons move axially. 
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Claims : ' 

1 . A clutch for transferring torque, said clutch comprising: 

a cam that is capable' of rotating about an axis and has a 
camming surface; ' 
5 a rotor that is also capable of rotating about the axis and has 

piston cavities that open out ,of it, the rotor further enclosing a fluid 
chamber; 

pistons located in the piston cavities of the rotor where they are 
exposed to the fluid chamber, the pistons projecting from the piston 
10 cavities toward the camming surface of the rotor, which they contact; 

a rheological fluid in the fluid chamber to project at least one 
piston farther from the rotor in response to the retraction of the another 
piston farther into the rotor; and 

activation means for varying the viscosity of the rheological fluid 
1 5 to control slippage between the cam and rotor. 

2. A clutch according to claim 1 wherein the cam is configured such 
that when the pistons are in contact with it, the volume of the fluid 
chamber remains substantially constant irrespective of the angular 
position of the cam relative to the rotor. 

20 3. A clutch according to claim 2 wherein the rotor contains a 
connecting cavity that is in communication with the piston cavities, and the 
fluid chamber includes the connecting cavity. 

4. A clutch according to claim 3 wherein the pistons do not occupy 
the piston cavities in their entireties, and the fluid chamber also includes 

25 the unoccupied regions of the piston cavities. 

5. A clutch according to claim 2 wherein the camming surface 
surrounds the axis and is presented away from the axis. 

6. A clutch according to claim 2 wherein the activating means is an 
electrical coil. * 

30 7. A clutch according to claim 6 wherein the coil surrounds the rotor. 
8. A clutch according to claim 7 wherein the rotor surrounds the cam. 
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9. A clutch according to claim 2 wherein the cam has multiple lobes 
along its camming surface, with the lobes being arranged at equal 
circumferential intervals around the axis, and the pistons are in number at 
least twice as many as there are lobes on the cam. 
5 10. A clutch according to claim 9 wherein the pistons are arranged at 
equal circumferential intervals around the axis. 

11. A clutch for transferring torque, said clutch comprising: 

a cam which is rotatable about the axis and has a camming 
surface which surrounds the axis, there being multiple lobes along the 
10 camming surface; 

a rotor located around the axis and also being rotatable about the 
axis, the rotor enclosing a fluid chamber and further having piston cavities 
which open toward the camming surface on the cam; 

a Theological fluid in the fluid chamber, whereby viscosity of the 
15 fluid is variable; 

pistons located in the piston cavities where they are exposed to the 
rheological fluid in the fluid chamber, the pistons projecting from the 
piston cavities toward the camming surface of the cam which they 
contact; 

20 the configuration of the camming surface on the cam and the 

location and number of the pistons in the rotor being such that the volume 
of the fluid chamber remains essentially constant irrespective of the 
angular position of the cam relative to the rotor, whereby the rheological 
fluid holds the pistons against the camming surface; 

25 an electrical device for controlling the viscosity of the rheological 

fluid and thus controlling the slippage between the cam and rotor. 

12. A dutch according to claim 1 1 wherein the electric device is a coil. 

13. A clutch according to claim 12 . wherein the coil surrounds the rotor, 
and the rotor surrounds the cam. 
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14. A clutch according to claim 12 wherein, the pistons are arranged at 
equal circumferential intervals around the axis and in number are twice as 
many as there are lobes on the cam. 

15. A clutch assembly according to claim 1 1 wherein the pistons do not 
occupy the entireties of the piston cavities; wherein the piston cavities 
open into a connecting cavity within the rotor and are in communication 
through the connecting cavity; and wherein the connecting cavity together 
with the regions of the piston cavities not occupied by the pistons form the 
fluid chamber. 

16. A clutch according to claim 12 wherein the piston cavities are 
cylindrical. \ 

17. A process for transmitting torque between first and second 
members that are capable of rotation about a common axis, said process 
comprising: ' 

providing a camming surface on the first member, with the 
camming surface having lobes; * 

providing a second member with piston cavities that open out of 
the second member toward the camming surface on the first member and 
also with a fluid chamber to which the piston cavities are exposed; 

providing pistons in the piston cavities of the second member, with 
the pistons extending to and contacting the camming surface oh the first 
member; 

providing a rheological fluid that fills the fluid chamber; 

applying torque to one of the members; and 

controlling the viscosity of the rheological fluid to render it viscous 
enough that the pistons grip the camming surface of the first member 
sufficiently to enable torque to be transferred between the members, 

18. The process according to claim 17 wherein the rheological fluid is 
sensitive to magnetic fields, vMth its viscosity being dependent on the 
strength of a magnetic field in which it lies; and further comprising 
providing a magnetic field within which the rheological fluid lies and 
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varying the strength of the magnetic filed to render the rheological fluid 
viscous enough to enable the pistons to transfer torque. 
19. The process according to claim 15 wherein the camming surface 
on the first member has multiple lobes, and the second member 
5 surrounds the first member. 



1 



wo 2004/033929 



PCT/IIS2003/<I02655 



1/: 





XITRec'dPCWTOTliVlAR ZOOS 



BEST AVAILABLE COPY 



wo 20(M/03J«>2y 



PCT/IJS2<»03/(MI2655 

10^529992 




F I G . 2 



JC17RBC'dPdiPrb 3 1 MAR 2005 



THIS PAGE BLANK (USPTO) 



INTERNATIQ": Sg^^CH REPORT ^nte^-alAppllcatlon No 

Wpc^Ei' 03/02655 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 F16D35/02 



According to InlGrnaiional Patent Ctas&ificalion (IPC) or lo bolh national classilicallon and IPC 



B. FIELDS SEARCHED 



Minimum documenlalton searclicd (classiltcalion system lollowed by classllicalion symliols) 

IPC 7 F16D 



Documcntalion searched other than minimum documenlalion lo Ihe extent that such documents are included In the fields searched 



Electronic data base consulted during the international search (name of data base and. where practical, search terms used) 

EPO-Internal , WPI Data, PAJ 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category " 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


A 


us 5 518 095 A (GASSMANN THEODOR) 
21 May 1996 (1996-05-21) 
abstract; figures 


1,2,11, 
17 


A 


US 5 598 911 A (JOACHIM CLIFFORD A ET AL) 
4 February 1997 (1997-02-04) ; 
column 1, line 16 - line 45 
abstract; figures 1-14 


1,2,11, 
17 


A 


US 6 269 925 Bl (BRUNKEN GERD)' 
7 August 2001 (2001-08-07) 
the whole document 


1,6,11, 
12,17,18 



□ 



F iirllirr documtMits are listed in the ccmilnualton of box C 



Patent lamity members are listed in annex. 



• Special cii(.H|oriCi> of died docunrtcnls : 

•A* document delinmg the gonoral stale of Ihe art which Is not 
considered lo be of particular relevance 

•E' earlier documcnl but published on or alter Ihe inlemallonal 
Iding dale 

'f document wt)lch may throw doubts on prkirily cJatm(s) or 
which Is cited to establish Itic publlcdlion tlale ol another 
dtalion or oiher speaal reason (as specified) 

•O* document r^Morring lo an oral disdosure. use. exhibition or 
other mo;tris 

•P* documt?nl published prior to the International tiling date but 
later ttian Ihe priority dale claimed 



•T* iHlor docuHKjnt publislicd after Ihe international filing ifcite 
or pnority dale and not In confticl wilti Ihe appficaiion but 
cited to understand the prfnaplc or theory undcrfylng ihu 
invention 

•X* document of particular relevance, the claimed invention 
cannot l)e considered novel or cannot bo considered lo 
involve an inventive step when the document is taken atone 

*>r document ol particular relevance; the claimed Invenllon 

cannot t>o consitKired to involve an inventive step wtien the 
document is conUiined with one or more other such docu- 
ments, sud) combination being obvious lo a person slolied 
in the an. 

•A' document memtier of the same patent family 



Date ol the actual completion of I he international scard) 



7 May 2003 



Date of mailing ol the International search report 

16/05/2003 



fslame and mailing address of the ISA 

European Patent Office. P.B. 5818 Palenllaan 2 
NL - 2280 HV Rijswi)k 
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl. 
Fax: (+31-70) 340-3016 



Authorized officer 



Gertig, I 



Foim PCT/1SA/210 (second sheet) (July 1992) 



INTERNATI 



AL 5^«SARCH REPORT 

i pateni ramiiy memoers 



' Application No 

T/ui 03/02655 



Patent document 


Publication 




Patent tamily 




Publication 


cited in search report 


date 




member(s) 




date 


us 5518095 A 


21-05-1996 


DE 


4327892 


CI 


30-03-1995 






r i\ 




Mi 


OA no lofic 






tip 
or 


C / XDjOo 


DC, 








ilP 




A 
M 


9Q— r»9— 1 QQC 


US 5598911 A 




AN 






9A— HR—I QQ/I 






Alt 


1 7im4Q? 


A 
rt 










y u x^oo X 


A1 


1 9—1 1—1 QQ9 

1^ i i— iyy^: 






PA 


c. X \Jc.O X X 


Mi 


nO- 1 1—1 QQO 

uy— i 1— iyy^ 








1 070004 
J. u / yj^^H 


A R 
M , D 


1 /I— O/I — 1QQ1 

m— U'f~-iyy 0 






L/C 




U X 


1 7— n/! 1 QQ7 

i /— U4— iyy / 






DE 


69218191 


T2 


09-10-1997 






EP 


0583336 


Al 


23-02-1994 






.IP 

u r 




R9 


9^— n^\— onno 






.IP 

ur 




T 
1 


1 1 — riQ— 1 QO^ 
1 i~"Uc5~'iyy'f 






PI 
r L. 


J. / \J\JD / 


R1 
D i 


'^1 —1 H— 1 QQA 

*5i iu iyyo 


US 6269925 Bl 




U L. 


X^Oo X / OH 


Al 
Ml 








ES 


2167164 


Al 


01-05-2002 






FR 


2781267 


Al 


21-01-2000 






6B 


2340918 


A ,B 


01-03-2000 






JP 


3220117 


B2 


22-10-2001 






JP 


2000074097 


A 


07-03-2000 



Forni PCT/lSA/210 (patent family annex) (July 1992) 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
Ur^ADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□^LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFEIUENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: , 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



THIS PAGE BLANK (usPTO) 



